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EFFECTS O F  A POINTED NOSE ON SPIN CHARACTEFUSTICS O F  A 

FIGHTER AIRPLANE MODEL INCLUDING CORRELATION 

WITH THEORETICAL CALCULATIONS 

By Joseph R. Chambers, Ernie L. Anglin, 
and James  S. Bowman, Jr. 
Langley Research Center 

SUMMARY 

An investigation w a s  conducted to correlate the resul ts  of theoretical spin calcula- 
tions with the resul ts  of free-flight model tes t s  for  a contemporary fighter configuration. 
The study w a s  designed to substantiate the theoretical methods before these methods 
were applied to studies of the spin and recovery characterist ics of the airplane. In order 
to explain some of the resul ts  obtained, however, a ser ies  of wind-tunnel tes t s  which pro- 
duced significant information on the effects of a long pointed fuselage nose on spin char-  
acterist ics w a s  conducted. Various techniques employed in  the study included static and 
forced -0 scillation wind- tunnel tests,  theoretical calculations, flow -visualization tests,  
autorotation tests, and free-spinning tes t s  of dynamically scaled models. 

The resul ts  of the study indicated that extremely poor correlation existed between 
the resul ts  of theoretical calculations and the resul ts  obtained during free-flight tes t s  
because of large, random asymmetric yawing moments at high angles of attack. The 
large asymmetric moments w e r e  produced by asymmetric vortex sheets that were shed 
off the long pointed nose of the configuration at high angles of attack. 
asymmetric moments could be controlled by nose strakes.  Aerodynamic characteristics 
of the nose also produced large propelling values of aerodynamic damping in yaw at high 
angles of attack which promoted autorotational tendencies. Results of limited spin-tunnel 
tests indicated that s t rakes  placed on the nose had little effect on the characterist ics of a 
flat spin exhibited by the configuration when extended after the spin w a s  developed, but 
extending the s t rakes  before the f l a t  spin w a s  fully developed produced satisfactory 
recoveries when conventional spin-recovery control techniques were used. The resul ts  
also indicated that in order  to be most effective as spin-recovery devices for the present 
configuration, nose s t rakes  should be deployed immediately after the stall and loss  of 
control. 

The sense of the 
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INTRODUCTION 

The National Aeronautics and Space Administration is currently conducting a ser ies  
of investigations to evaluate the spin and recovery characterist ics of a contemporary 
fighter airplane equipped with a variable-sweep wing. These studies consist of: (1) spin- 
tunnel tests to determine the characterist ics of developed spins and to evaluate techniques 
for recovery from fully developed spins; (2) analytical studies of the spin, including cal- 

controlled drop-model tes t s  to provide flight data for correlation with the theoretical 
calculations. 
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culations of spin entry following departure from controlled flight; and (3) outdoor radio- 

The present part  of the study w a s  initially undertaken as a correlation of calculated 
spin characterist ics with the resul ts  of the drop-model tests to substantiate the theoretical 
methods before they were applied to a broad analysis of the' spin characteristics of the 
airplane. In order to explain some of the results obtaine.d, however, a special se r ies  of 
wind-tunnel tes t s  w a s  conducted which has produced a body of information on the effects 
of the long pointed fuselage nose on spinning. These effects are of considerable impor- 
tance in themselves. The present paper reports  on both the spin-theory correlation and 
the studies of the effects of the fuselage nose on spin characteristics. The results of the 
study a r e  meant to: (1) illustrate some of the factors that may limit usefulness of ana- 
lytical treatments of the stall-spin problem for configurations with long pointed noses, 
(2) document the effects of geometric modifications designed to provide more acceptable 
spin characterist ics for the particular airplane, and (3) provide a better understanding of 
aerodynamic characterist ics exhibited by many contemporary fighter airplanes during 
spins. 

SYMBOLS 

All quantities a r e  presented with respect to a body system of axes. Aerodynamic 
coefficients a r e  based on the dimensional characterist ics of the wing for a sweep angle 
of 16'. Data a r e  referred to a center-of-gravity position of 45 percent wing mean aero-  
dynamic chord (sweep angle, 16'). Dimensional values a r e  given in U.S. Customary Units 
and in the International System of Units. 

b wing span, f t  (m) 

- 
C wing mean aerodynamic chord, f t  (m) 

MY 
q,se 

pitching-moment coefficient, - Cm 
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Cm,i inertial pitching -moment coefficient , 

FN 
q,s 

normal-force coefficient, - CN 

MZ 
q,Sb 

Cn yawing-moment coefficient, - 

FY 
q m s  

side-force coefficient, - 

normal force, lb (N) 

side force, lb (N) 

FN 

FY 

IxJyJ z moments of inertia about X, Y ,  and Z body axes, slug-ft2 (kg-m2) 

I Z  - IX 
mb2 

inertial pitching-moment parameter 

m airplane mass, slugs (kg) 

pitching moment about Y body axis, ft-lb (m-N) 

yawing moment about Z body axis, ft-lb (m-N) 

p,q,r angular velocities about X, Y, and Z body axis, rad/sec 

MY 

M Z  

dynamic pressure,  l p V 2 ,  lb/ft2 (N/m2) 
2 q, 

R 

S wing area, f t2  (m2) 

Reynolds number based on mean aerodynamic chord 

t time, sec 

V resultant linear velocity, ft/sec (m/sec) 
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X 

a! 

P 

A 

pb  

P 

51 

2v 

4 

weight, lb (N) 

distance along X-axis, f t  (m) 

angle of attack, deg 

angle of sideslip, deg 

wing leading-edge sweep angle, deg 

m 
psb airplane relative density, 

air density, slug/ft3 (kg/m3) 

resultant angular velocity, rad/sec 

nondimensional spin-rate coefficient 

angle between Y body axis and horizon measured in a vertical plane, 
positive for  right wing down, deg 

6a aileron deflection, positive when trailing edge of right aileron is deflected 
downward, deg 

6e 

6, 

Stability derivatives: 

elevator deflection, positive when trailing edge is down, deg 

rudder deflection, positive when trailing edge is left, deg 

c, = -  
q a @  

2v 

c =-  
" d r  &E  a- 

2v 

aCN c = -  - .  
Nq a- qc 

2v 

aCN 
Ndr &E 

c = -  

a- 
2v 

1 
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A dot over a symbol denotes differentiation with respect to  time; for example, 

DESCRIPTION O F  AIRPLANE 

The airplane studied in  the investigation w a s  the two-place variable-sweep fighter 
shown in the three-view sketch of figure 1. Geometric characterist ics of the airplane 
are listed in  table I. A wing sweep angle of 50' w a s  used for all the free-flight tests of 
the present investigation. 
all-movable horizontal tail ; the lateral  control system consists of spoilers (operative 
through a wing-sweep range of 16' to 47') and differential deflection of the horizontal- 
tail surfaces; and the directional control system consists of a conventional rudder. 
simplicity, these controls are referred to herein as elevator, aileron, and rudder. The 
maximum control surface deflections are as follows: 

The longitudinal control system of the airplane consists of an 

For 

Rudder deflection, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k7.5 
Horizontal tail: 

Trailing edge up, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Trailing edge down, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Horizontal tail as roll  control, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  +8 

Because most of the present study w a s  conducted only for A = 50°, the spoilers were 
inactive and the horizontal tail w a s  the sole source of roll  control. 

Spin-Recovery Technique 

Mass loading conditions for the present configuration are typical of those associated 

A s  pointed out i n  reference 1, the most effective 
with contemporary fighter airplane designs inasmuch as the values of 
several t imes greater than those of 
way to obtain antispin yawing moments for spin recovery of configurations having rela- 
tively low values of Ix may be to roll  the airplane about the X body axis in such a 
direction as to produce an  inertial antispin yawing moment. 

Iz  and Iy a r e  

Ix. 
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The mechanism by which the antispin inertial moment is produced can be visualized 
with the aid of the sketches presented in  figure 2. The lower sketch shows a side view 
of an airplane in a spin to the right with the wings level. The angular velocity S2 of the 
spin can be resolved into angular velocity components p and r about the X and 
Z body axes, respectively. The upper sketch shows the projected plan view of the air- 
plane. The fuselage-heavy loading typical of contemporary fighter airplanes is repre-  
sented by weights distributed along the X body axis. If the wings are maintained level, 
the angular velocity p w i l l  be the sole component of 51 in  the X Y  plane of the vehicle 
during the steady spin. However, if the airplane is banked to the right by the use of 
ailerons, a component of S2 will  be introduced into the XY plane as a positive rate of 
pitch q (q = 52 sin @). A s  depicted in the upper sketch, the angular velocities p 
and q combine vectorially to produce a component of rotation within the X Y  plane 

whose magnitude is given by and whose direction is indicated by the arrow. 
The heavy fuselage, acting similar to a dumbbell, tends to aline itself perpendicular to 
this component of rotation and, in so doing, creates  a large angular deceleration which 
tends to re tard the spin rate. 

A s  a result of these considerations (which have been verified experimentally for a 
large number of airplane configurations), the proper spin-recovery control technique for 
the present configuration is simultaneous movement of the ailerons to full with the spin 
(stick right for  a right spin), full-aft stick, and rudder full  against the direction of rota- 
tion. The fact that this is the most effective recovery technique for the subject airplane 
has  been verified both by the results of unpublished spin-tunnel tests and radio-controlled 
drop tes ts  of models of the particular airplane. 

Static and Forced-Oscillation Tests  

Static and forced-oscillation tes t s  were conducted with the 1/9-scale model used 
for the outdoor drop-model spin tes t s  to obtain aerodynamic characterist ics of the model 
over the range of angle of attack and angle of sideslip involved in the spin. The tes t s  
were conducted in the 30- by 6O-foot (9.1- by 18.3-m) test section of the Langley full- 
scale tunnel at a Reynolds number of 0.7 X lo6 based on the mean aerodynamic chord of 
the wing. This value of Reynolds number w a s  approximately equal to that obtained for 
the developed spins during the drop-model flight tests.  Measurements were made of the 
six force and moment components over an angle-of-attack range of -20' to 100' for a 
range of sideslip angle of +40° and for the complete range of control deflections. The 
forced-oscillation tes ts  consisted of tes ts  with oscillations in pitch, roll, and yaw over a 
similar angle-of-attack range. The tes ts  were conducted by using the apparatus and the 
technique described in reference 2. These tes ts  were made for oscillation amplitudes 
of *5O and 510' for frequencies of 1.0 and 0.7 cycle per second. 
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Results obtained during static wind-tunnel tests of a number of other models of the 
configuration have been included in the analysis. In addition to the 1/9-scale free-flight 
model, a l/lO-scale model w a s  tested in  the Langley full-scale tunnel, and 1/15-scale 
and 1/24-scale models were tested in  the Ames 12-foot pressure tunnel. 

Additional tests were conducted to evaluate the effects of several modifications to 
the nose of the configuration. Some of these tes t s  w e r e  directed at an evaluation of the 
effects of various nose strakes.  Two of the more pertinent nose strake configurations 
are shown in figure 3. One strake arrangement, shown in figure 3(a), consisted of a 
single strake on one side of the nose only, the strake beginning at the apex of the nose 
and extending along the maximum diameter line of the nose. The second strake arrange- 
ment, shown in figure 3(b), w a s  a double-strake configuration with s t rakes  on each side 
of the nose located on the upper fuselage forebody at an angle of 40' relative to the max- 
imum diameter line of the nose. These strake tests were conducted with the 1/9-scale 
and l/lO-scale models at the Langley Research Center. Tes ts  w e r e  also conducted to 
determine the effects of nose tip shape on the aerodynamic characteristics. For  these 
tests,  the normal nose t ip  w a s  replaced by the nose t ips shown in figure 4. The relative 
size of the nose t ips is indicated by the upper sketch of the airplane. Four nose tips 
were tested: the basic nose with a flat spot on the right side, the basic nose with a flat 
spot on the left side, a sharply pointed nose tip, and a rounded tip. These nose-tip tests 
were conducted with a 1/15-scale model in the Ames 12-foot pressure tunnel at several 
values of Reynolds number. 

Autorotation Tests  

Single-degree-of -freedom and two-degree-of -freedom autorotation tests were con- 
ducted by using the test  setup shown in figure 5. In these tes t s  a l / l0-scale  model was 
mounted in a pivoted yoke which allowed freedom in pitch, and which was,  in turn, 
mounted to a freely rotating sting. With this test  setup, freedom about the spin axis and 
pitch axis could be obtained both individually and simultaneously. Autorotative tendencies 
of the basic airplane configuration with the sting in  the plane of symmetry and the spin 
axis alined with the wind (and resulting in a sideslip angle of 0') were investigated as 
well as autorotative characterist ics with s t rakes  added to the fuselage forebody. No 
measurements of aerodynamic forces  o r  moments were made during the autorotation 
tests. These tests were conducted over an  angle-of-attack range of 40' to 90°, and 
were made only for the 50' sweep configuration. 

Flow -Visualization Tests  

Flow-visualization tests w e r e  made in an effort to  define more fully the aerodynamic 
phenomena at high angles of attack. These tests consisted of smoke studies with the 
model held at fixed attitudes. 
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Spin Tunnel and Outdoor Spin Tests 

A limited number of tests with a 1/40-scale model were conducted in  the Langley 
spin tunnel to determine the effects of the fuselage forebody on the spin characterist ics 
of the configuration fo r  
ure  6, were evaluated with regard to  effects on the developed spin and recovery charac- 
terist ics.  All strake configurations consisted of a single strake on the left side of the 
nose, and all spins were to the left. In these tests, the strakes were extended before the 
model was launched into the spin with the exception of strake 6, which w a s  designed to be 
retractable to  permit studies of strake deployment during developed spins. For the spin- 
tunnel tests, the dynamically scaled model was launched with prerotation, at an angle of 
attack of about 90°, into the vertically rising airs t ream. Additional details regarding 
the test  technique used in  the Langley spin tunnel a r e  presented in  reference 1. 

A = SO0. A number of nose-strake configurations, shown in fig- 

In addition to the spin-tunnel tests, a ser ies  of outdoor flights was made with the 
1/9-scale radio-controlled model to determine the spin entry, developed spin, and 
recovery characterist ics of the basic configuration for correlation with calculated spin 
characteristics and also to determine the effects of the double-strake arrangement of 
figure 3 on the spin entry. The unpowered model w a s  dropped from a helicopter with 
neutral controls. After the model was launched from the helicopter, the controls gen- 
erally were moved to full pro-spin deflections (an extended rudder deflection of *25O w a s  
used for the drop tests) in a deliberate attempt to put the model into a spin. Additional 
information on the radio-controlled technique is presented in  reference 3. 

METHOD OF APPROACH 

As pointed out previously, the investigation consisted of: (1) a correlation of cal-  
culated spin characterist ics with flight tes t s  for a drop model, and (2) special wind-tunnel 
tes t s  to investigate the cause of some of the results obtained. The methods used in this 
investigation a r e  detailed in  the following sections. 

Theoretical Analysis and Verification 

Spin entries and recoveries from spinning motions were calculated by a high-speed 
digital computer program which used numerical integration methods to solve nonlinear 
equations of motion representing six degrees of freedom along and about a body system 
of axes. 

Aerodynamic data for the calculations were based on the resul ts  of static and 
forced oscillation tes ts  of a l/g-scale model of the airplane. Some of the more pertinent 
data obtained are presented in  this report. The model used in  the wind-tunnel tests had 
previously been equipped with radio -controlled instrumentation and w a s  flown into spins 
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after it was released from a helicopter during a series of outdoor free-flight tests. The 
aerodynamic characterist ics were measured for this model at approximately the same 
value of Reynolds number as that fo r  the free-flight tests. The static aerodynamic forces  
and moments w e r e  incorporated into the computer program as nonlinear functions of 
angle of attack and angle of sideslip, whereas the dynamic aerodynamic characterist ics 
were represented by conventional dynamic stability derivatives which were functions of 
angle of attack. 

The calculations were performed by duplicating within the computer program the 
initial conditions and control input sequencing from flight records obtained during the 
free-flight tests. By using this procedure, it w a s  possible to compare the spin charac- 
ter is t ics  exhibited by the model with analytical predictions of spin characterist ics based 
on aerodynamic inputs measured with the same model at the same value of Reynolds 
number. 
quacy of theoretical spin studies for the present configuration. 

The resul ts  of this correlation should therefore serve to determine the ade- 

RESULTS AND DISCUSSION 

In brief, the resul ts  of the investigation showed very poor correlation between 
theoretical calculations of the spin entry and developed spin motions of the model and 
the actual motions of the model measured during the radio-controlled drop-model tests.  
The results of the various types of wind-tunnel tests indicated that a major reason for 
this lack of correlation was that the long pointed nose of the model caused large non- 
repeatable yawing moments at high angles of attack. 
these yawing moments, a wide variety of different types of airplane motion might develop 
from any given set of initial conditions and control inputs. In addition, the results 
showed that the yawing moments produced by rate  of yaw at high angles of attack were 
nonlinear with respect to the ra te  of rotation. These resul ts  are detailed in subsequent 
sections of the paper. 

Because of the randomness of 

Correlation of Theoretical Results With Flight Tes ts  

Throughout the analytical study, poor correlation existed between the calculated 
motions and the flight data obtained during the outdoor free-flight tests.  For  example, 
shown in figure 7 are comparisons of angle of attack, angle of sideslip, and rate  of yaw 
as calculated by the computer program (solid lines) and as obtained from flight recorder 
traces (dashed lines) for three representative flights. Each flight involved pro-spin con- 
trol  inputs for  a right spin (elevator full trailing edge up, ailerons against the spin, and 
rudder with the spin). The data show extremely poor correlation inasmuch as the mag- 
nitudes and variations of angle of attack, angle of sideslip, and yaw rate are markedly 
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different during the spin. In fact, the agreement w a s  so poor that in  some cases,  such 
as that of figure "(a), the theoretical resul ts  predicted a fast-flat spin whereas the free- 
flight model exhibited a steeper oscillatory spin of completely different character. 

In view of the apparent inability of the analytical technique to predict adequately 
the spin characterist ics of the model, additional wind-tunnel tests were undertaken to 
gain some insight into possible shortcomings of the theoretical representation of the 
aerodynamic forces  and moments acting on the configuration during a spin. This paper 
describes the resul ts  of wind-tunnel tests and other pertinent data gathered during the 
investigation which produced several important results that appear to  have been the 
cause of the poor correlation between theory and flight results.  

Static and Forced Oscillation Tests  

Asymmetric yawing moments.- The most significant result  of the static force tes t s  
with regard to the lack of correlation between calculated.and measured spin motions w a s  
an indication that large yawing moments existed for the present configuration at high 
angles of attack, and that these yawing moments appeared to be random and nonrepeatable. 
The large excursions of yawing moment are illustrated in figures 8 and 9. Figure 8 
shows the variation of static yawing-moment coefficient Cn with angle of attack at zero 
sideslip and neutral controls as measured during tes t s  of four separate models of the 
present configuration. As can be seen, the value of Cn remained near zero at low 
angles of attack, as might be expected. For angles of attack greater than about 30°, how- 
ever, large excursions of Cn occurred. The magnitudes of these moments a r e  best 
appreciated by comparison with the value indicated by the dashed line which indicates 
the magnitude of Cn produced by a full rudder deflection of 7.5' in the normal low 
angle-of-attack flight range. The out-of-trim moments near a = 60' a r e  several 
t imes as large as the moments produced by full-rudder deflection at low angles of attack, 
and would be much larger  than moments obtained by rudder deflection a t  a = 60' 
because of the marked reduction in rudder effectiveness at high angles of attack due to 
shielding by the fuselage and wing. 

An equally important phenomenon exhibited by the configuration was the fact that 
these large asymmetric yawing moments appeared to be random and nonrepeatable, even 
for the same model under identical test conditions. A sample of this randomness is pre- 
sented in figure 9, which presents the variation of Cn with angle of attack for  p = 0' 
for repeat tes t s  of a l/lO-scale model of the configuration at a Reynolds number of 
0.3 X lo6. The data indicate that for  angles of attack above about 40°, separate tes t s  
under the same test  conditions produced markedly different values of Cn with large 
excursions in  both the sense and magnitude of the asymmetric moment. Examination of 
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the complete set of data for each of the four models for which data are presented in  fig- 
u re  8 indicated that similar random yawing moments occurred for  all models at high 
angles of attack and that this scatter existed over a range of angle of sideslip of 
about 12 0'. 

The effect of these large excursions of Cn on spin characterist ics w a s  evaluated 
by means of a series of theoretical calculations in  which the asymmetry of Cn w a s  
assumed to have the maximum values indicated in  figure 8 in  either a nose-right o r  a 
nose-left sense. In these calculations, the airplane was initially in  trimmed level flight 
followed by full pro-spin control deflections for a right spin (similar to the deflections 
shown in fig. 7). When the asymmetric values of Cn were assumed to have the maxi- 
mum positive (nose right) values indicated in figure 8, the resul ts  of the calculations 
indicated that a flat-fast spin to the right w a s  obtained. (The asymmetric values used 
in  the calculations and shown in 'fig. 7 were also nose right.) When the sense of the 
asymmetry w a s  reversed (that is, in a nose-left sense), the calculations indicated that 
the airplane would not spin to the right (even with full right pro-spin controls) but would 
instead perform large-amplitude poststall gyrations with no continuous rotation. These 
resul ts  show that, depending on the particular asymmetry present, a fast -flat spin o r  a 
no-spin condition (and, presumably any type of spin in  between) could be obtained from 
identical initial conditions and control inputs. 
shown in figures 8 and 9 therefore creates a number of calculated flight motions from 
identical control inputs and this fact results in a severe limitation of the usefulness of 
analytical methods for spin studies of this particular configuration. 
is believed to be a primary cause of the poor correlation previously shown between the 
theoretical spin calculations and the free-flight results.  

The large scatter of static yawing moment 

This characteristic 

Large out-of-trim yawing moments at high angles of attack similar to those mea- 
sured in the present study have also been noted in past investigations of pointed bodies 
of revolution (refs. 4 to 8), highly swept delta wing-body combinations (ref. 9), and an 
airplane configuration having a long pointed nose (ref. 10). In all cases,  the aerodynamic 
phenomenon producing the large yawing moments w a s  attributed to asymmetrical shedding 
of vortex sheets off the long sharply pointed nose. The flow pattern of such vortices on 
the fuselage forebody with this type of flow separation is illustrated by the sketch in  fig- 
u r e  10. Separation of flow from the fuselage forebody at low angles of attack is charac- 
terized by two shed vortex sheets. At angles of attack l e s s  than 20' for the present 
configuration, these vortex sheets remain nearly symmetrical above the nose, as depicted 
by the upper sketch, and are probably not very strong. 
vortex sheets, they do not induce asymmetric forces  on the forebody for this condition. 
For angles of attack greater  than 20°, however, the vortex sheet pattern becomes stronger 
and asymmetrical, as shown by the lower sketch; one vortex core moves above and away 
from the forebody whereas the other vortex core  moves closer to the nose. The flow 

Because of the symmetry of the 
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pattern on the present configuration at a! = SO0 is shown by the resul ts  of the flow- 
visualization tests presented in  figure 11. The photograph in  figure ll(a) is a three- 
quarter view looking forward. Smoke injected into the flow defines an  asymmetric vortex 
pattern; one vortex core  was observed to be high above and to the left of the nose and 
another vortex core, immediately above and to the right of the nose. The side view shown 
in figure ll(b) shows the relative vertical displacement of the two vortex cores.  The 
asymmetric vortex pattern creates  a large negative pressure area on one side of the 
nose and thereby crea tes  a side force on the nose which, in turn, produces a large yawing 
moment because of the relatively long distance between the nose and the center of gravity 
of the airplane. 

Experience has  shown that a number of factors, such as the fineness ratio of the 
pointed nose, the cross-sectional shape of the nose, the distance between the nose and 
the center of gravity of the airplane, and the dimensional symmetry of the nose, can affect 
the asymmetric yawing moments at high angles of attack. The relative importance of the 
length and fineness ratio of the pointed nose is indicated by figure 12. 
the variation of Cn with angle of attack measured during recent tes t s  at the Langley 
Research Center for the present configuration, a twin-jet swept-wing fighter with a rela- 
tively short low-fineness-ratio nose, and a fighter configuration having an unswept wing 
and a relatively long high-fineness-ratio nose. These data indicate that the unswept 
fighter configuration with a long pointed nose also exhibited large out-of-trim moments. 
However, the swept-wing fighter configuration with the shorter nose did not exhibit 
appreciable out-of-trim moments over the entire range of angle of attack. 

Figure 12 shows 

The random out-of -trim moments result from the fact that some slight geometric 
or  aerodynamic asymmetry establishes the sense of the asymmetric moment. For 
sharp, high-fineness-ratio noses, even very minor asymmetries near the apex of the nose 
can be very important. For example, experience gathered over a period of years  from 
tests of many models in the Langley spin tunnel has shown that almost all airplane con- 
figurations having long sharp pointed rimes (including the present configuration) may spin 
readily in one direction and not in the other until some slight deformation to the nose tip 
occurs during the tes t s  after which the ease of achieving a spin in a given direction can 
reverse;  subsequent deformation of the nose may cause this reversal  to occur at various 
t imes during the course of a test  program. The effect of slight asymmetry near the tip 
of the nose is illustrated by the data presented in figure 13 which presents the variation 
of Cn with (Y for the basic nose tip with a flat spot on the right side of the nose (see 
fig. 4) and for the basic nose with a flat spot on the left side of the nose. With the f l a t  
spot on the right side of the nose, the model exhibited large out-of-trim yawing moments 
to the left. With the nose t ip flattened on the left side, however, the asymmetry w a s  
reversed, apparently because of a reversal  in the pattern of the asymmetric vortex sheets 
shed by the nose. Several repeat tes t s  with the flat spots on the nose produced consistent 
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results;  that is, the sense and magnitudes of the yawing moments remained constant. 
Two points should be made regarding these results. 
are extremely sensitive to nose-tip imperfections, and second, geometric asymmetries 
tend to stabilize the sense of the moment at zero sideslip. 

First, the asymmetric moments 

Additional tests w e r e  conducted to determine whether the asymmetric yawing 
moments would be minimized by altering the basic shape of the nose tip. Data measured 
with the basic, the sharply pointed, and the rounded nose t ips (see fig. 4) at three values 
of Reynolds number are presented in figure 14. These data show that progressive 
rounding of a small section of the nose from a sharp conical tip to a rounded tip had little 
effect on the general tendency of the configuration to produce out-of-trim moments. This 
result was also noted in reference 10 wherein the sharp nose of another airplane configu- 
ration w a s  a lso blunted. It appears, therefore, that the overall conical shape of the fuse- 
lage nose and the distance between the nose t ip and the center of gravity of the airplane 
a r e  more important than the apex angle of the extreme tip of the nose in producing large 
out-of-trim moments for this particular configuration. The data show that the asymmet- 
r ic  moment for the rounded nose reversed in  sense as Reynolds number w a s  increased; 
it should be kept i n  mind that this reversal  is probably caused by nonrepeatability rather 
than variations in Reynolds number. 
Reynolds number w a s  to reduce the magnitude of the out-of -trim moments and to  cause 
them to peak at lower angles of attack as the Reynolds number w a s  increased. The mag- 
nitudes of the asymmetric yawing moments at the highest Reynolds number tested, how- 
ever, a r e  still very large and could easily influence the spin characterist ics of the full- 
scale airplane. 

The data of figure 14 show that the effect of 

The previous discussion has emphasized that the present configuration at high 
angles of attack will  experience large, random yawing moments which can have a large 
effect on the tendency of the configuration to spin. It appears that the usefulness of ana- 
lytical studies of the spin for the present configuration is extremely limited; in particular, 
it does not appear to be possible to obtain even a qualitative check with results of spin 
tests, even though the aerodynamic data used for input a r e  measured on the same model 
at the same Reynolds number as produced by the flight tests.  

Damping in  yaw.- The resul ts  discussed thus far have been concerned with the 
unusual static yawing-moment characterist ics of the configuration at zero sideslip. In 
addition to these characteristics, some unusual aerodynamic damping characterist ics at 
spin attitudes were noted which were related to the moments produced by the nose of the 
airplane. Presented in figure 15 a r e  the variations with angle of attack of the damping- 
in-yaw parameter Cn, - CnB cos  a! and the side-force-due-to-yawing parameter 

C - Cys cos  a! measured'for the 1/9-scale model at wing sweep angles of 26O, 50°, 
Y r  
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and 72.5'. Negative values of Cnr - Cn.  cos a are stabilizing (damping), whereas 

positive values are destabilizing (propelling in a spin). As can be seen, positive values 
of Cnr - Cn. cos  a existed for angles of attack between about 50' and 70' for each 

wing-sweep angle. It should be noted that the positive values of Cn, - Cn - cos a are 

very large; for example, the magnitudes of the propelling moment due to  ra te  of rotation 
at a = 57' were about 10 t imes as large as the stabilizing values of damping in yaw 
at an angle of attack of 0'. These results indicate that the configuration would exhibit 
propelling values of yawing moment at high angles of attack; these yawing moments may 
produce autorotation. 

P 

P 

P 

An indication as to the air f rame components producing the propelling moments can 
be obtained by analysis of the relationship of the yawing moment and side force acting on 
the airplane during a spin. Figure 16 shows a plan view of'the airplane during a right 
spin. If the fuselage nose is producing the propelling moments due to yaw rate, a side 
force of the same sign as the yawing moment w i l l  exist. If the tail components a r e  pro- 
ducing the propelling moments, the side force will have an opposite sign. An inspection 
of the data of figure 15 reveals that positive (side force to the right) values of 
Cy, - Cyp cos a accompanied the positive values of yawing moment due to yaw rate.  

If the effective center of pressure of this lateral force is calculated from the relation 

x -  - _  cnr - cnP cos a! 
b cy, - CYB cos  Q! 

it is found to be about halfway between the tip of the nose and the windshield. Based on 
the foregoing analysis, the nose of the configuration w a s  primarily responsible fo r  the 
propelling moments. Although the data are not presented, the resul ts  of forced- 
oscillation tes t s  of the isolated fuselage were essentially the same as those of figure 15 
for angles of attack greater than about 40'. 
that the fuselage nose w a s  producing the propelling moments. 

This result also serves  to verify the fact 

Additional verification of the fact that the fuselage nose produced the propelling 
yawing moments w a s  afforded by the results of static force tests which can be of con- 
siderable help in the analysis of the dynamic case. In such an analysis, the variations 
of Cn and Cy with P a r e  analyzed with consideration of the sideslip angle due to 
yawing rotation at the front and r ea r  of the airplane. For example, the sideslip angle 
generated at the front of the airplane during a right spin is illustrated in figure 17. 
sketch on the left-hand side of the figure shows the plan view of the airplane during a 
right spin with zero bank angle. 
magnitude and sense of the linear sideward velocities along the fuselage due to the 

The 

The arrows along the fuselage nose indicate the relative 
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spinning rotation. The sketch on the right-hand side of the figure illustrates the sideslip 
angle at a typical nose location due to the spin rotation. As can be seen, the airplane 
rate of descent and the sideward velocity at the nose of the airplane combine vectorially 
to produce a positive sideslip angle p at the nose. 

The fact that the nose of the configuration produced large yawing moments due to  
sideslip at high angles of attack was indicated by the resul ts  of static wind-tunnel tests 
to determine values of the static lateral-directional stability derivatives. -Shown in fig- 
ure  18 are the variations of the static stability derivatives C and Cn with angle 

of attack for wing sweep angles of 26O, 50°, and 72.5O. The variation of Cn with CY 

shows that the directional stability becomes negative, o r  unstable, for the various wing- 
sweep angles at angles of attack between 23' and 30'. As the angle of attack w a s  
increased above about 50°, the values of Cn became positive; and at an angle of attack 

y P  P 

P 

P 
of 60°, the value of Cn w a s  about four t imes as large as the value at CY = 0'. The 

P 
large increase in  directional stability w a s  accompanied by a large positive change 
in C y  

moments due to sideslip just as it has  been shown to be responsible for the positive 
(propelling) values of the damping -in-yaw derivative Cnr - Cnj C O S  CY. (The fact that 

long pointed bodies can produce positive side forces  when subjected to positive angles of 
sideslip has been noted in  past studies of entry bodies such as those of refs. 11 and 12.) 

and indicated that the nose of the airplane w a s  responsible for the large yawing 
P' 

With the fact established that the nose of the fuselage w a s  producing the trends 
shown for the yawing moment due to yawing velocity and the yawing moment due to side- 
slip, it is possible to make some deductions with regard to the linearity of Cn with r 
from the linearity of Cn with p. For example, shown in figure 19 is the variation 
of Cn with p for  the present configuration at an angle of attack of 55'. Results a r e  
shown for the low Reynolds number tes t s  conducted at the Langley Research Center and 
additional data are presented for tests conducted a t  a considerably higher Reynolds num- 
ber at the Ames Research Center. With the concepts of figure 17 in mind, the data indi- 
cate that the basic configuration produced nose-right (propelling) yawing moments when 
subjected to positive angles of sideslip from 0' to about 25O, and nose-left (damping) 
moments at higher angles of sideslip. The characteristic S-shape of the Cn variation 
with p is apparently associated with the separation and attachment pattern of the vortex 
sheets shed off the nose. This result  indicates that as ' the  rate of spin due to the pro- 
pelling moment increases  (and resul ts  in  larger  values of effective sideslip angle at the 
nose), the propelling moment approaches zero. Thus, the variation of yawing moment 
with ra te  of yaw would be expected to be extremely nonlinear during a spin. The equilib- 
r ium condition implied by Cn being zero at P = 23' can be calculated by the relations: 
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r b  - p(at nose) -- 
2 v  2: 

and 

rb 
a b -  2V 
2V- sin a! 
- _ -  

and is found to be %= 0.61. This value correlat 
2 v  

s reasonably well with th value 

of 0.70 which w a s  measured in the single-degree-of -freedom autorotation tests which 
are discussed later. Such nonlinear trends of damping in yaw at high angles of attack 
have also been noted in  past investigations. 
calculations with flight tests also indicated this nonlinearity of Cn with r since some 
calculations indicated an  unrealistic continuous increase in spin rate due to positive 
values of Cnr - c 
appears that adequate theoretical representation of yawing moments acting on the present 
configuration during a spin must take into account nonlinear variations of yawing moment 
with yaw rate.  

(See refs. 13 and 14.) Comparison of spin 

cos  a! whereas flight tests showed a finite spin rate. It therefore "P 

Damping in pitch.- The model also exhibited unstable values of damping in pitch at 
high angles of attack. Shown in figure 20 is the variation of the aerodynamic damping-in- 
pitch parameter Cm + Cmb fo r  the 1/9-scale model with a wing sweep of 50'. Nega- 

tive values of this parameter denote stabilizing values, whereas positive values denote 
destabilizing values. The data indicate that positive values of Cm + C were mea- 

sured at high angles of attack. Inspection of the normal-force-due-to-pitching param- 
eter C + C did not produce any significant clues as to the airframe components 

producing the trends. 

q 

q " d r  

Nq Nli? 

Effects of nose strakes.- The nose strakes tested in the investigation were designed 
either to control the sense of the large out-of-trim yawing moments created by the fuse- 
lage forebody and thereby enhance spin recovery, or to eliminate the propelling values of 
damping in  yaw created by the nose. The single-strake configuration shown in figure 3(a) 
was found to be an effective means of controlling the sense of the out-of-trim yawing 
moments. Shown in figure 21  is the variation of Cn with a! for zero sideslip for the 
configuration with the strake of figure 3(a) on the left side or the right side of the nose. 
The data show that the configuration with the strake on the left side exhibited nose-right 
out-of -trim moments, but, that when the strake w a s  placed on the right side, the sense 
of the asymmetry changed, and a large nose-left moment asymmetry w a s  produced. A 

16 



number of repeat tests indicated that the results obtained with the strake were consistent 
and repeatable. 

The point to be inferred by the data presented in  figure 2 1  is that a single strake 
could be used to produce consistently large yawing moments which might be used for spin 
recovery. It should be noted that the effectiveness of the strake in  producing large yawing 
moments is considerably reduced at angles of attack greater than 70'; thus, it would not 
be expected to have an appreciable effect on a flat spin at higher angles of attack. This 
point should be kept in  mind during subsequent sections of this paper. 

The double-strake configuration shown in figure 3(b) eliminated the propelling 
tendencies of the nose. The effects of these s t rakes  are shown in figure 22. This figure 
shows the variation of Cnr - Cnp cos  01 for the model with the double nose s t rakes  on 

and off. The data show that these nose strakes eliminated the propelling tendencies of 
the nose and, in  fact, added a substantial stabilizing contribution to the aerodynamic 
damping in  yaw at angles of attack near 60'. It should be noted that the strakes had little 
effect at angles of attack greater than 75'. The effects of the double-strake arrangement 
on the variation of static yawing moment with sideslip is shown in figure 23. The data 
show the variation of Cn with P for the basic configuration and for the configuration 
with the strakes of figure 3(b) on the model. Addition of the strakes eliminated the pro- 
pelling tendency of the nose by producing a linear variation of yawing moment with side- 
slip so that negative (damping) moments would be created by the nose in a right spin. It 
should be noted, however, that the large out-of-trim moment at p = 0' w a s  not affected 
by the symmetrical s t rakes  for this configuration. In addition, the data show that the 
strakes eliminated the large stable values of Cn exhibited by the basic configuration. 

This result  should be kept in mind inasmuch as large changes in Cn 
P 

spin characteristic s. 

P 
may also affect 

The effects of these two strake configurations on the spin and recovery character-  
ist ics of the configuration w e r e  subsequently evaluated during autorotation tes t s  and spin 
tests of dynamically scaled models. 

Autorotation Tests  

Single- and two-degree-of -freedom autorotation tes ts  were conducted to  verify 
some of the conclusions reached earlier concerning the asymmetric moments caused by 
the nose and the propelling tendencies of the nose. In addition, autorotative tendencies 
of the configuration with two degrees of freedom were studied to define the form of aero- 
dynamic inputs necessary to calculate spins. It should be kept in mind that the auto- 
rotation tests were conducted for Past experience has shown that angles of 
sideslip can have significant effects on airplane spin characteristics. Because of this 

B = 0'. 
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limitation and other considerations, the resul ts  of the autorotation tests must be inter-  
preted cautiously for extrapolation to actual spins involving complete freedom of the 
airplane. Elimination of autorotative characterist ics using this test  technique should 
not therefore be viewed as a sufficient condition for  spin prevention, but the test technique 
should be viewed as a means to identify conditions for which spins might readily occur 
because of the autorotative tendencies of the vehicle. 

During the single-degree-of -freedom tests, the angle-of -attack pivot of the 
l/lO-scale model w a s  locked and the model w a s  allowed to  rotate about the spin axis at 
various fixed angles of attack. The model was ballasted so that the center of gravity 
coincided at all t imes with the spin axis. Initial autorotation tests showed that the model 
would spin in one direction and not the other because of the out-of-trim yawing moments 
discussed earlier.  A small piece of modeling clay (about 1/4-inch cube) w a s  then placed 
on the tip of the nose and flattened slightly on the side of the nose toward which the model 
tended to spin. By thus slightly reshaping the nose, it w a s  possible to obtain autorotation 
at the same rate  of spin both to the right and to the left. The resul ts  of the single-degree- 
of-freedom tes t s  with the nose-tip modification are shown in figure 24 as the variation of 
nondimensional spin ra te  Qb/2V with angle of attack. The test results show that the 
model would autorotate at angles of attack between 50' and 75' as would be expected, 
based on the forced-oscillation data of figure 15. When disturbed from rest ,  the model 
would speed up to the nondimensional spin ra tes  indicated in  figure 24 and stabilize; 
when prerotated to spin rates faster than those indicated, the model would slow down to 
the indicated value of Qb/2V. When the nose w a s  completely removed from the model 
(representing removal of the radome on the full -scale airplane), autorotation w a s  elimi - 
nated over the entire angle-of-attack range. 

These results verified the fact that the nose produced a propelling moment due to 
ra te  of spin in the 50' to 75' angle-of-attack range. In addition, the resul ts  established 
that the yawing moment w a s  a nonlinear function of ra te  of rotation as deduced earlier 
from the  variations of Cn with 0, as w a s  previously mentioned. The nondimensional 
ra tes  of spin shown in figure 24 attained extremely large values, particularly near an 
angle of attack of 60'. 

The two-degree-of-freedom tests in which the model w a s  f ree  to rotate about both 
the spin axis and the Y body axis were made to evaluate further the significance of the 
autorotational motions obtained during the single-degree-of -freedom tests.  
if  the autorotational spin ra tes  produced by the nose were not sufficiently large during 
the two-degree-of -freedom tests, the model would pitch down and terminate autorotation 
because of the existence of a nose-down aerodynamic pitching moment at high angles of 
attack. 

For example, 
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A s  illustrated in  figure 25, the steady developed spin requires  a balance between 
the aerodynamic moments and the inertial moments acting on the airplane. The sketch 
on the left of figure 25 shows that at spin attitudes, an  airplane usually experiences a 
nose-down aerodynamic pitching moment. This aerodynamic pitching moment is balanced 
by the nose-up inertial moments depicted in the sketch at the right of the figure. In this 
right-hand sketch, the mass  distribution of the airplane has been represented by a system 
of weights. As the weights rotate about the spin axis, centrifugal forces acting perpen- 
dicular to the spin axis create  a nose-up inertial pitching moment; and for the steady 
developed spin, the nose-up inertial moment balances the nose-down aerodynamic moment. 
The magnitude of the inertial moment may be calculated by the expression: 

The magnitude of the inertial moment is thus dependent on the inertial distribution of the 
airplane, the nondimensional spin rate, the relative density of the airplane, and the angle 
of attack. 
pitching moment for the present configuration based on typical mass  characterist ics for 
the configuration and the nondimensional spin rates obtained during the single -degree- 
of-freedom autorotation tests. Figure 26 presents the variation with angle of attack of 
this calculated inertial pitching moment (plotted with algebraic sign reversed) for sea- 
level conditions. The figure also presents the variation with angle of attack of the aero-  
dynamic pitching moment as  measured during static force tes ts .  Points at which the two 
curves intersect denote potential steady spin calculations satisfying the condition of a 
balance of inertial and aerodynamic moments. A s  can be seen, two intersection points, 
denoted A and B, exist. Examination of the characteristics at point A, however, show 
this point to be an unstable equilibrium condition inasmuch as a positive increment of 
angle of attack at point A crea tes  a larger nose-up inertial moment; therefore, the angle 
of attack will continue to increase until the stable conditions of point B a r e  reached. 
Based on these data, the model when allowed two degrees of freedom would be expected 
to exhibit a steady spin at an angle of attack of 74’ with a nondimensional spin rate 
of 0.25. 

This expression has been used to calculate the magnitude of the inertial 

The results of the two-degree-of -freedom autorotation tests indicated that the 
model would not spin steadily at an  angle of attack of 74O, but rather performed a periodic 
oscillatory spin in  which the angle of attack oscillated between 60’ and 85’. The oscil- 
latory characterist ics are believed to  be related to the damping-in-pitch t rends shown in 
figure 20. Unfortunately, an insufficient number of data points are available to enable 
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precise definition of data trends in  the angle-of -attack region associated with the desta- 
bilizing values of C 

potential steady spin angle of attack of '74' may have been accompanied by destabilizing 
values of Cmq + Cmb which, when coupled with the single-degree-of -freedom auto- 

rotation characteristics, produc.ed a limit-cycle motion. These two-degree-of -freedom 
resul ts  are considered to be very significant inasmuch as the resul ts  indicate that a 
realistic mathematical description of the aerodynamic characterist ics of the present con- 
figuration during a spin will involve: (1) representation of the nonlinear variation of 
yawing moment with spin rate as exhibited by the model during the single-degree-of- 
freedom tests and (2) consideration of aerodynamic damping in  pitch, and perhaps roll. 
These resul ts  suggest that a mathematical approach which combines aerodynamic data 
measured at various rates of spin with linearized damping derivatives (such as that used 
in  ref. 15) will  be the most realistic manner to represent aerodynamic characteristics 
of the vehicle during spins. 

+ Cmh. Based on the trends shown, however, it appears that the mq 

D 

The effectiveness of the two nose strake configurations w a s  also evaluated during 
the autorotation tests. With either the single- o r  double-strake configuration on the 
model, autorotation w a s  eliminated during the single-degree-of -freedom tests.  When 
the model w a s  prerotated during the two-degree-of -freedom tests, i t  immediately slowed 
down, pitched nose down, and ceased rotation. It is believed that the single-strake con- 
figuration prevented autorotation by creating a large asymmetric yawing moment which 
opposed the spin. On the other hand, the double-strake configuration prevented auto- 
rotation by eliminating the propelling values of Cnr - Cns cos CY exhibited by the basic 

configuration at high angles of attack. 

Spin-Tunnel and Outdoor Spin Tests  

A limited number of spin-tunnel and outdoor radio-controlled spin tests were con- 
ducted to assess the importance of the fuselage nose on spin characterist ics and to verify 
the effectiveness of the various nose strake configurations. The preceding analysis w a s  
based on limited degrees of freedom; of course, this condition is not t rue for the actual 
spin. 
affect spin characterist ics to a considerable extent, and yawing-moment characteristics 
a r e  but one of many factors influencing the spin. Hence, a t rue evaluation of the relative 
importance of the fuselage nose must come from actual spin tests.  

Such factors as aerodynamic pitching moment and sideslip angle a r e  known to 

Spin-tunnel tests.  - The spin-tunnel tes ts  included tests of the basic configuration, 
and tes t s  to determine the effects of single- and double-strake arrangements. In order  
to produce more consistent and critical spins to the left, a small flat spot w a s  created on 
the right-hand side of the nose of the model. The more consistent resul ts  obtained with 
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the modified nose are probably attributable to the asymmetric moment created by the 
f l a t  spot as indicated by the data of figure 13. The nose-left yawing moment produced 
by the nose increased the tendency of the model to spin to the left. The results obtained 
for the basic configuration and the effects of the single-strake arrangements of figure 6 
are listed in  table II. 

The resul ts  of the spin-tunnel tests for the limited mass  loadings and control posi- 
tions investigated showed that the model exhibited a fast-flat spin at an angle of attack of 
about 82'. The flat spin was repeatable and w a s  obtained during several check tests.  
Recoveries from the developed f l a t  spin were considered to be unsatisfactory number of 

to recover from the flat spin; however, after the angle of attack had diminished to 
about 75O, the model entered an oscillatory-spin mode which required several additional 
turns  for recovery. 

( 
turns  for recovery . After application of recovery controls, the model would begin 

Initial attempts at evaluating the effects of the fuselage forebody on spin charac- 
ter is t ics  consisted of ejection of the entire nose (simulating ejection of the radome) 
during the developed spin. These tests,  the results of which a r e  not presented in table II, 
showed that the model continued to spin flat after ejection of the nose. This result indi- 
cates  that other factors, such as aerodynamic pitching moment and wing tilt (angles of 
sideslip) were more important factors than the nose insofar as the characteristics of the 
developed flat spin were concerned. The earlier autorotation tests with two degrees of 
freedom had indicated that autorotation would cease when the radome w a s  ejected; but 
the model w a s  not in a flat spin in  the autorotation tests.  Both the fact that the model 
would not spin flat in the autorotation tes t s  at zero sideslip and the fact that the auto- 
rotation tests indicated that the model would not spin with the radome removed serve to 
s t r e s s  the limitations of autorotation tes t s  and the importance of sideslip on spin 
characteristics. 

A limited number of tests were conducted to determine the effects of the extended 
double strakes of figure 3(b) on spin characteristics. 
to eliminate the unstable values of damping in yaw shown in figure 15, w e r e  found to have 
virtually no effect on the developed f l a t  spin. This result might be expected inasmuch as 
the data presented in  figure 22 show little effect of the s t rakes  above an angle of attack 
of 75'. It should be pointed out, however, that in isolated cases  when the developed flat 
spin finally degenerated into an  oscillatory-type spin involving the lower angles of attack 
at which the strakes were more effective, the spin rate appeared to cease within one turn 
after the angle of attack had diminished to 60' or 70°, and the model dived out of the spin. 

These strakes, which were designed 

A series of tests were also conducted to evaluate various single-strake arrange- 
ments as possible recovery controls. The data of table I1 show that when a strake w a s  
placed on the left side of the nose of the model in an  extended position, the model still 
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exhibited a flat spin. This result might be expected based on the data of figure 2 1  which 
shows that the strake was relatively ineffective at angles of attack above 80'. However, 
when recovery from the developed spin w a s  attempted by using the recommended recovery 
control technique, the recoveries were rapid and consistent in contrast to  the slow recov- 
eries for the basic configuration. The extended single s t rake did not, therefore, prevent 
a f l a t  spin when the model was launched into the spin at an angle of attack near 90°, but 
the strake did provide satisfactory recoveries when used in conjunction with application 
of the conventional recovery controls. The resul ts  of the tests with s t rakes  2 to 5 indi- 
cated generally similar results, although a slight increase in the number of turns  for  
recovery was noted when the strake was reduced in length or  removed from the tip of the 
nose. Satisfactory recoveries were effected from the flat spin with the single-strake 
arrangements which did not directly affect the characterist ics of the developed fast-flat 
spin because as the angle of attack diminished slightly, the s t rakes  became effective in 
producing antispin asymmetric yawing moments as indicated by figure 21. 

h 

One additional test made during the program w a s  the actual extension of a single 
strake after the developed fast-flat spin w a s  established. When strake 6 (see fig. 6 )  w a s  
extended during a flat spin, together with simultaneous deflections of the conventional 
control surfaces, recoveries were l e s s  rapid than when the s t rake w a s  extended before 
recovery controls were applied and w e r e  unsatisfactory. When only the strake w a s  used 
for recovery (with the conventional control surfaces  maintained at pro-spin deflections), 
no recoveries from the f l a t  spin were achieved. 

Based on the resul ts  of these limited tests, it  appears that a single-strake configu- 
ration may improve the spin-recovery characterist ics of the present configuration but 
the strake must be extended relatively early in  the incipient spin stage before the flat 
spin is allowed to develop. In this way, it would be extended in  the 40' to 70' angle-of- 
attack range where it is very effective, and the flat spin might not ever develop. 

Outdoor spin tests.-  The resul ts  of the outdoor free-flight tes t s  showed that the 
present configuration w a s  prone to be in a developed flat spin within two turns after 
departure from controlled flight. It was believed that addition of the double-strake 
arrangement of figure 3(b) might negate any contribution of the unstable values of damping 
in  yaw to spin entry, and that this lack of a propelling yawing moment might prevent the 
configuration from entering the developed flat spin. 

The results of four flights showed that with s t rakes  on the nose, stall characterist ics 
appeared to be relatively similar to the basic configuration; that is, an incipient spin w a s  
produced by applying full back stick with neutral lateral  controls. The nature of the 
incipient and developed spin, however, was  different when s t rakes  were employed. With 
nose strakes, the model exhibited an  oscillatory flat spin from which recovery w a s  rapid 
by using conventional recovery techniques; whereas the basic configuration exhibited a 
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fast-flat spin with no recovery. The resul ts  a lso indicated that full pro-spin controls 
were required to maintain a spin with the strakes installed on the model. 

SUMMARY OF RESULTS 

An investigation to determine the effects of a pointed fuselage nose on the spin 
characterist ics of a fighter airplane model has  produced the following results: 

1. Theoretical calculations of the spin characterist ics of the model did not cor re-  
late with resul ts  obtained during free-flight tes t s  of the model because of large, random 
asymmetric yawing moments at high angles of attack. 

2. The large asymmetric moments were produced by flow separation off the long 
pointed nose of the configuration at high angles of attack. The sense of the asymmetric 
moment w a s  established by slight geometric or aerodynamic asymmetries and could be 
controlled by a nose strake located on one side of the nose. 

3. The nose of the configuration produced large propelling values of the aerodynamic 
damping-in-yaw parameter Cnr - Cns cos  CY at high angles of attack which promoted 

autorotational tendencies. 

4 .  The nose strake did not eliminate a flat spin exhibited by the configuration, but 
substantial improvement in recovery from the developed flat spin w a s  noted. 

5.  To be most effective as spin-recovery devices for the present configuration, 
nose strakes should be deployed soon after the stall and loss of control, and before the 
flat spin developed. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., July 2, 1970. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS O F  THE AIRPLANE 

[All dimensions are based on 16O wing meed 

Overall length . . . . . . . . . . . . . . . . . . . . . . . . . . . .  882.1 in. (2240.5 cm) 

Span. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 f t  (19.2 m) 
Area.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  525 f t2  (48.8 m2) 
Root chord (at airplane center line) . . . . . . . . . . . . . .  150.883 in. (383.2 cm) 
Tip chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 in. (124.5 cm) 
Mean aerodynamic chord, E . . . . . . . . . . . . . . . . . .  108.5 in. (275.6 cm) 

of root chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 in. (114.3 cm) 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.56 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.08 
Dihedral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1' 
Incidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lo 

NASA 64A2 10.68 (modified) 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NASA 64A209.8 (modified) 

Wing: 

Leading edge of E ,  rearward of leading edge 

Airfoil section: 
Root . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Horizontal tail: 
Total area . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  407.3 f t 2  (37.8 m2) 
Span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.33 f t  (8.94 m) 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.11 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.897 
Sweepback of leading edge . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57'30' 
Dihedral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - lo 
Root chord (at airplane center line) . . . . . . . . . . . . . . . .  269 in. (683.26 cm) 
Tip chord (theoretical) . . . . . . . . . . . . . . . . . . . . . . .  39 in. (99.06 cm) 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Biconvex 

Vertical tail: 
Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111.7 f t2  (10.4 m2) 
Span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.9 f t  (2.7 m) 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.435 
Root chord . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 13.47 in. (542.2 cm) 
Tip chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87.67 in. (222.7 cm) 
Sweepback of leading edge . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 50 

Rudder area . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.3 f t2  (2.72 m2) 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Biconvex 
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TABLE 1.- DIMENSIONAL CHARACTERISTICS OF THE AIRPLANE - Concluded 

Dimensions for other wing sweep angles: 
Wing sweep angle . . . . . . .  16O 26O 5 0' 72.5O 
Span, f t  (m) . . . . . . . . .  63 

(19.2) 
Mean aerodynamic 

chord, C, in. (cm) . . . .  108.5 
(275.6) 

Leading edge C 
fuselage station, 
in. (cm) . . . . . . . . .  478.0 

(12 14.1) 

59.5 
(18.1) 

109.8 
(278.9) 

48.3 
(14.7) 

143.6 
(364.7) 

31.95 
(9.74) 

277.48 
(704.8) 

489.0 489.6 380.6 
(1242.1) (1243.6) (966.7) 
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TABLE II.- RESULTS OF SPIN-TUNNEL TESTS 

[Recovery attempted from and developed spin data presented 
for  rudder full with spins; left erect spins; model values 

Elevator -- 1 Ailerons 
- 

converted for full-scale value4 

Rudder 
Strake 

_ _ _ _  ~ 

2 5U 

2 5U 

2 5U 

2 5U 

2 5U 
-~ _. 

Developed spin 
characterist ics 

_._ .  

8W 

8W 

8W 

8W 

8W 
~ _ _  

- 

0.32 

.35 

.36 

.37 

.36 

80 

81 

81 

82 

82 

Strake extended during developed spin 

B y - /  83 1 
I . O  1 8A 

I 
b6 I I 

“A, against; W, with; U, trailing edge up. 
bRecovery attempted by strake only. 

7.5A 

7.5A 

7.5A 

7.5A 

7.5A 

7.5A 

7.5A 

7.5w 

Turns for 
recovery 

lo-, 1 1  6-, 

4,4- 1 

1-, 1 1 

4 2  

2 

2 

12 1 2 

292; 

2, 2- 1 
2 

1-- 3 1  2- 
4’ 2 

3 3, 3- 4 

-7  O3 
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4 

35.6(10.9) 

Pivot p i n t  at F. S. 
40.6(12.4) 

U 

73.5 (22.4 ) 

I- 63.0 ( 19.2) 

Figure 1.- Three-view sketch of airplane configuration. Dimensions are in feet (meters). 
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force 

Figure 2.- Sketch i l l u s t r a t i n g  mechanism by which gyroscopic an t i sp in  
moment i s  produced. 

a 

i 
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( a )  Single-strake arrangement. 

4 

Strake detail 

-L 5.0(12 .71  

(b) Double-strake arrangement. 

Figure 3 . -  Strake arrangements studied during force tests. Dimensions 
are full sca l e  and are given i n  inches (centimeters).  
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Typical nose tip location 

(2.87) 

1.00 4 
(2 .54)  

Basic nose tip 

1.08 
(2 .74 )  

Basic tip with small flat 
on left side (o r  right side) I 

(4 .06 )  LK 
Pointed nose tip 

( 1.27) 

1.00 4 
(2.54) 

(1 .14)  

L O -  90-1 
(2.29) 

Plan view Side view 

Rounded nose tip 
Figure 4.- Plan view of fuselage nose tips studied 

during force tests. 
(centimeters) and are given for 1/15-scale model. 

Dimensions are in inches 
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Spin 

\ 

Figure 5.- Sketch of t e s t  setup f o r  autorotat ion tests.  
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Strake number 1 - -  - - - 

- 

- -- Strake number 3 - 

( 178) 

Strake number 5 

Strake number 6 
( retractable 1 

Figure 6.- Plan views of nose-strake configurations s tudied during spin- 
tunnel  t e s t s .  
a re  f u l l  s ca l e  and a r e  given i n  inches 

Strakes were placed on left-hand s i d e  of nose. Dimensions 
(cent imeters) .  
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r, r a d l s e c  

br. deg 

Calculated 
Flight motions ___..._____- 

\ 

. _..__ 

1 1 1 1 1 1 1 1 1 1 1 !  ! I  
0 2 4 6 8 10 12 14 

Time, sec 

(a) Flight 1. 

Figure 7.- Comparison of theoretical spin calculations 
and free-flight model motions for identical control 
inputs. A = 5 0 O ;  time given in model scale. 
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(b) Flight 2.  

Figure 7.- Continued. 
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(c) Flight 3. - 
Figure 7.- Concluded. 
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Figure 8.- Variat ion of s t a t i c  yawing-moment coef f ic ien t  with angle of a t t a c k  f o r  
severa l  models of t h e  present  configurat ion.  p = 0'; A = 50'; 6, = 7 . 5 O .  ' 
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Figure 9.- Variation of yawing-moment coe f f i c i en t  with angle of a t tack.  
Symbols indicate  values obtained i n  severai  repeat t e s t s .  
p = 0'; 

A = 50°; 
6, = 6 a = 6, = 0'; R = 0 . 3  x 106. 
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Separated 
vortex /r sheets 

c I 

(a) Low angles of a t t a c k .  

,.A Separated 
vortex r sheets 

(b) High angles of a t t a c k .  

Figure 10.- Sketches of separated vor tex  shee ts  on fuselage forebody. 
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L-70 -4705 
(a )  Three-quarter r e a r  view. 

L-70-4706 
(b)  Side view. 

Figure 11.- Typical smoke p a t t e r n  about fuselage forebody of 

l - s c a l e  model. a = 60°; 
10 

p = Oo; A = 50°; R = 0.3 x 10 6 . 
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Figure 12.- Variation of yawing-moment coefficient with angle of attack for several airplane 
configurations. p = 0'; R = 0.3 X lo6. 
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Figure 13.- Effect  of dimensional symmetry of nose t i p  on v a r i a t i o n  of yawing- 

moment coe f f i c i en t  with angle of a t t a c k .  

R = 0.3 X lo6. 

p = Oo; A = 50'; & - sca l e  model; 
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6 (a) R = 0.3 x 10 . 

Figure 14.- Effect of nose-tip shape on variation of yawing-moment coefficient 
with angle of attack. p = 0'; A = wo; L-scale model. 
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(c) R = 1.2 x lo6. 

Figure 14.- Concluded. 
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Figure 15.- Variation of aerodynamic damping-in-yaw parameter and side-force-due- 
6 to-yawing parameter with angle of attack. 1- scale model; R = 0.7 X 10 . 
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Figure 16.- Assumed re la t ionship  between s ide  force 
and yawing moment dm,ing sp in  t o  r i g h t .  
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Velocity component due 
to rotation 

Res u I tan t 
Ver t  ica I 

velocity $ velocity 

Velocity due to 
rotation 

Section 
A - A  

Figure 17.- S i d e s l i p  angle generated a t  nose of a i rp l ane  during 
r i g h t  spin.  
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Figure 18.- Effec t  of wing sweep angle on s t a t i c  s t a b i l i t y  de r iva t ives  

Cyp and Cnp. D a t a  based on measurements at p = 25O; I - s c a l e  

model; R = 0.3 X 10 . 
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Figure 19.- Variation of yawing-moment coefficient with angle of sideslip. 
1 
10 a = 5 5 O ;  A = 50°; --scale model. 
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Figure 20.- Variation of aerodynamic damping-in-pitch parameter with angle of attack. p = 0'; 

A = 50'. Flagged symbols indicate repeat tests. 
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